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Abstract 
Silicon dioxide films thermally nrov/n on silicon contain 
Dositive charge near the silicon dioxide/silicon interface. This 
chame can be increased by exposure of the oxide films to low 
oxyqen partial pressure atmospheres, for example in ambients con- 
tain inn mixtures of CO and COp. 
Capacitance-voltaae measurements at room temperature on the 
reduced oxides (oxides exposed to low oxygen partial pressure 
atmospheres) have demonstrated that the oxide fixed charoe in- 
creases gradually with decreasino oxyoen partial pressure (in- 
creasing CO/CCL ratio). This increase of charoe is believed to 
be caused by the creation of oxygen vacancies. 
The observed increases in these quantities may be eliminated 
by reoxidizing the reduced samples at an elevated temperature in 
dry oxyoen. 
In this study, the oxide charges followina reoxidation have 
been examined in detail on oxides which were initially reduced at 
different partial pressures. It was found that during the beoin- 
ning of the reoxidation process the charge increased followed by 
a gradual decrease to values approaching those found in unreduced 
oxides. Reduced oxides have shov/n a non-growth time during the 
reoxidation, this time ranging from a minute to 200 minutes for 
samples reduced at different partial pressures. After this time 
1 
laq the reduced oxides were found to orow aoain, at the sane rate 
as an unreduced oxide. r 
The time required for the charges to reach their neak, the 
non-qrowth time, and the final interface charnes were all found 
to be a function of the reducina partial pressure. A qualitative 
model is proposed to explain these observations. 
T_. Introduction 
MOS structures play a very  important role in today's tech- 
nology. The majority of Random Address Memory (RAM) and Read 
Only Memory (ROM) use MOS structures because of their low power 
p 
consumption and high density (more bits per cm ). electrically 
Programmable Read Only Memory (EPROM) can only be built with MOS 
structures. 
Silicon dioxide is the most widely used insulator for MOS 
devices. It is well known that there exists a built-in positive 
charne in the oxide reqardless of growth conditions. " -* Even 
at the present level of technology, the Si-Si0^ interface is not 
very well understood. For instance, a positive charge always 
resides in the oxide near the silicon interface; despite numerous 
studies, the orioin of this fixed charge remains somewhat obscure. 
One proposed explanation for this charqe is that it originates at 
positively charged impurity centers, such as Na. However, it was 
shov/n by Revesz J and Evans that Na is not likely to be the major 
cause of this charge in most oxide films. Deal, - Fowkes and 
HessL ' J have suggested that this fixed charne may be due to an 
increased ratio of silicon to oxygen at the Si-SiOp interface, 
and that charged oxygen vacancies are formed near the interface 
during oxidation. 
Fowkes and Hess1-' •* have purposely altered the stochiometry 
of the silicon dioxide layer by exposing it to a reducinn ambient 
3 
o 
of CO-CO, at an elevated temperature (910 C), which was found to 
increase the positive oxide charoe and the surface state density 
through the assumed creation of charned oxygen vacancies. Fowkes 
and KiddonL J have also studied the effects of different partial 
pressures and temperatures on oxide charoe, whereas Pike1'  has 
concentrated on the reoxidation kinetics of oxides previously re- 
duced in a CO-COp ambient. 
Pike investigated the reoxidation process of oxides reduced 
at 7 x 10"  oxynen partial pressure. His results can be sum- 
marized as follows: 
1) Upon reoxidation, the charge of a reduced sample is shov/n to 
neak initially and then to gradually decrease with time. 
2) The reduced oxides had a non-growth time of about 200 minutes. 
3) After the non-growth time, the oxides grew at a normal rate 
and the charge was reduced to that of previously unreduced sam- 
ples. 
The goal of the present investigation is to gain additional 
insioht into the origin and properties of the oxide charge throuah 
a detailed examination of the reoxidation kinetics of oxides re- 
duced in different partial pressures. Since the reduction process 
is believed to result in oxygen vacancies, the effects of-filling 
these charge centers during reoxidation was monitored by measure- 
ment of the flat band voltane of MOS capacitors and the oxide 
film thickness veVsus reoxidation time. 
2. MOS Capacitor 
One of the most useful structures customarily employed in 
the study of surface effects and of the characteristics of surface 
space charne reqions is the metal oxide semiconductor capacitor 
shown in Fig. 1A. 
An important difference exists between the MOS capacitor 
structure and most other semiconductor structures, in that there 
exists no dc current flow across the space charne layer. Thus, 
the surface space charqe renion will be in thermal equilibrium 
and the Fermi level will be constant throughout the surface space 
charner layer. The energy band diagram of an ideal MOS capacitor 
on an n-type silicon substrate is shown in Fig. IB. For conve- 
nience, the silicon substrate will be considered as the reference 
electrode. One of the distinct characteristics of MOS capacitors 
is that the space charge region in the silicon may be altered by 
varying the applied bias on the gate electrode. " If a voltaae is 
applied to the gate, the following cases may be distinguished for 
the MOS capacitor (Figs. 2A, 2B, 2C). Regardless the value of 
the gate voltage, the Fermi level in the semiconductor remains 
constant, since equilibrium holds. 
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Fig. 2 Energy band diagrams of an MOS 
capacitor for all indicated conditions. 
1) Positive voltaqe: the positive potential will attract a nen- 
ative charne in the semiconductor which accumulates near the 
oxide-silicon interface (accumulation). 
2) Small neqative voltane: a positive charae will be induced in 
the semiconductor, which is due to electrons beinq nushed away 
from the vicinity of the interface, leavino behind a depletion 
reqion consistinn of uncompensated donors. This is known as the 
depletion condition . 
3) Laroe neoative voltaqe: if the applied voltane is increased, 
the enerqy bands bend downward and all majority carriers are de- 
pleted.  Eventually when the conduction band comes close to the 
Fermi level, the concentration of electrons near the surface" will 
increase very  sharply. The device is then in strono inversion.. 
It is well known that SiOp is not a perfect insulator. SiOj, 
contains mobile inpurity ions, fixed charqes and charaeable inter- 
face states, all of which will affect the electrical character- 
istics of the Si-SiOp interface. 
Experiments with MOS capacitors showed the existence of a 
fixed charge, apparently located in the Si02 near the SiC^/Si 
interface. This charqe results in a parallel shift of flat band 
voltaqe as shown in Fiq. 3. Consider a sheet charqe per unit 
area within the SiO<, as shown ln P"1'0- 4A. Under the condition of 
zero bias this sheet charqe will induce an imaae charqe partly in 
the metal and partly in the semiconductor, If v/e neqlect the work 
8 
effect of fixed 
charge 
ideal CY 
curves 
Fig.3 Effect of fixed positive charge on 
ideal CV curve... 
function difference in order to brina about a flat band condition 
(i.e. no charge induced in the semiconductor) we have to apply a 
neoative voltaqe to the metal, as shown in Fiq. 4B. With in- 
creasing negative voltaoe, more negative charae is applied to the 
metal which shifts the electric field distribution downwards until 
the electric field reaching the silicon surface becomes zero. 
Under this condition the area contained under the electric field 
distribution is the flat band voltage (VrB). 
From Poisson's equation 
-x,Q     x, n 
VFB    Koeo     xo CO Kl) 
Q   = Density of sheet charge 
VpB = Flat band voltage 
x,  = Location of sheet charge 
xo  = Oxide thickness 
CO  = Oxide capacitance 
Koeo = Permittivity of Si02 
The more general case of an arbitrary space charge distribu- 
tion within the S10« 1s illustrated in Fig. 4C and the flat band 
voltaoe is 
VFB ■ - hs ? fe oM dx (2) 
xo 
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Fig. **B Effect of charge within the insulator . 
( flat band condition ) 
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Av 
Fig. liC  Effect of an arbitrary space charge 
distribution within the insulator . 
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p(x) = charge density 
Thus the flat band voltage not only depends on the density 
of the sheet charae but also on its location within the SiO^. 
If the fixed charge is next to the metal, it will induce no image 
charge in the Si and therefore will have no effect on the semi- 
conductor surface. In the other extreme, v/hen the sheet charge 
is located next to the semiconductor, it will exert its maximum 
influence and lead to a flat band voltage of 
V   = - 9- FB     CO 
The location of this fixed charge has been measured by many 
workers, Deali^ LavertyP^ RyanP^ Hess,^ and PikeP^ All 
agree that most of the charae is located within 200 Angstroms of 
the Si-SiOp interface. 
This fixed charge has some distinct properties which are 
summarized as follows: 
1) The charge is fixed. It cannot be charged or discharged with 
externally applied biases. 
2) It is unchanged under the conditions that would lead to the 
o 
motion of sodium ions in the oxide (e.g. temperatures of 150 C, 
positive bias with an oxide field greater than 10 V/cm). 
3) It is within 200 Angstroms of the SiO^-Si interface. 
4) Its density is not significantly affected by the oxide 
13 
thickness. 
5) The charoe density is a strong function of the orientation of 
the Si crystal. 
3. Experimental Details 
3.1 Fabrication of MOS Capacitors 
The MOS capacitors were fabricated on U  type, phosphorous 
doped, chem-mechanically polished silicon wafers. The wafers were 
typically 250-400 pm thick, the resistivity was in the ranqe of 
about 8-15 ft-cm, with <100> surface orientation. The cleaninci 
.procedure prior to oxidation is described in detail in Appendix 
A. 
3.2 Oxidation 
After the normal cleaninci procedure, the samples were oxi- 
dized to the desired thickness (nominally 1300 Angstroms) at a 
o 
temperature of 1130 C in dry oxygen with a flow rate of 500 
cc/min for 60 minutes. All the oxidation treatments were carried 
out in a resistance heated Centigrade three zone furnace con- 
taining a fused quartz tube and a Mullite liner. 
14 
3.3 Reduction 
The oxidized samples were then reduced in a reduction fur- 
nace. The flow rates of CO and CCL were adjusted to achieve the 
desired partial pressure (see Appendix B). The reduction system 
consisted of a resistance heated Lindberg Hevi-Duty three zone 
furnace and a CO and C02 gas mixer system. Since the partial 
pressure of oxygen in the C0-C02 atmosphere depends upon the mole 
ratio of CO and COp in the gas stream, a mixer system was devised 
which allowed flow rate measurement of each gas individually, 
which were then thoroughly mixed before they entered the furnace. 
The gas mixer employed in this experiment was similar to the one 
To g"| 
used by Fowkes and Hess, ' J except for the addition of three 
extra drying tubes to the system (Fig. 5). The oxidized samples 
o 
were reduced in the reduction furnace at a temperature of 910 C 
for 5 hours. The 5 hours reduction time was shown by Mess1- -* to 
be the optimum time to reach a saturated value for the oxide 
charge. 
3.4 Reoxidation 
After reduction, the samples were reoxidized in the oxidation 
o 
furnace at a temperature of 925 C in dry oxynen at a flow rate of 
1000 cc/min; one sample was processed for each of the different 
reoxidation times. 
15 
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3.5 Deposition of Metal 
Aluminum (99.9%) was evaporated from heated tungsten fila- 
ments onto the. front of the samples in a sputter-ion pumped vacuum 
system at approximately 10" torr. A photolithographic process 
was used to define a circular area on the metal of the MOS capac- 
-2  2 itor, having a diameter of 5.08 x 10  cm . 
3.6 Deposition of Back Metal Contact 
The back oxide was stripped off the wafer in HF, while the 
front of the wafer was protected by Apezion black wax. The black 
wax was subsequently removed with hot trichloroethylene. The 
samples were then placed into a Veeco high vacuum system utilizinq 
a mechanical roughing pump and an oil diffusion pump. Aluminum 
contacts were then evaporated on the back of the samples. 
3.7 Measurement of Fixed Charge 
The fixed charge in the samples was measured at 1MHz by the 
high frequency capacitance-voltage (c-v) technique. The fixed 
oxide charge may be determined by the shift in flat band voltage. 
The set up of the equipment is shown in Fig. 6. It consists of a 
1MHz Boonton 71AR-LC meter, a DC ramp generator to provide the 
bias, an XY recorder and a probe which was gold plated to provide 
good contact to the aluminum. The samples were placed on the 
17 
c.v. 
meter 
input 
ramp generator 
X input 
+ ♦ _ 
X Y recorder 
_ + 
+ 
output Y input 
"X 
V 
gold probe 
I      ) 
gold plated stage 
Fig. 6 Experimental setup for C.V. measurement, 
18 
stage and after beina contacted by the nold probe, the curves were 
recorded on ^he XY recorder, in the dark. Typically 5 to 10 
measurements were taken from each sample. 
4. Results 
The oxide charge was measured as a function of the reoxida- 
o 
tion time at 910 C. Three different partial pressures (3 x 
10~ atm., 1 x 10" atm., 1 x 10" atm.) v/ere investigated in 
these experiments. Fin. 7 shows the oxide charqe density as a 
function of the reoxidation time. It is clear from these results 
that the non-growth time is a function of the partial pressure 
of the original reduction process, which explains why Pike's non- 
growth time v/as not in agreement with Mess's. 
The results of this investigation can be summerized into 
three areas: the peak oxide charqe, non-growth time, and the 
final charge. 
4.1 Peak Oxide Charge 
It has been observed that the oxide charge will peak durinq 
the beginning of the reoxidation process and will then gradually 
^decrease with time. PikeL ^ reported the same phenomenon, but he 
could not explain the cause of the peak. The result of the 
present experiments clearly show that the peak charge is directly 
19 
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X X 
CM 
related to the partial pressure durinq the reduction process: 
the lower the partial pressure the hiaher the peak oxide charae. 
In addition, the peak time (time required to reach the peak oxide 
charge) is also found to be related to the partial pressure. 
Fig. 8 1s a plot of peak time as a function of the oxygen partial 
pressure. 
4.2 Non-Growth Time 
Non-growth time is defined as the time required to fill up 
all the charged oxygen vacancies, which were created by the re- 
duction process. Previous workers have reported a non-qrowth 
time of 60 minutes'- •* to 200 minutes. •*    The non-growth time is 
directly related to the oxygen partial pressure of the reduction 
process'as shown in Fig. 9. As we have expected, the lower the 
partial pressure the higher the non-growth time, because more 
oxygen vacancies are created at lower partial pressures and it is 
expected that more oxygen or more time will be required to fill 
up those vacancies. From Pike's work, we know that the non- 
growth time is not dependent on the thickness of the oxide layer, 
because, as was pointed out earlier, all the oxide charge is lo- 
cated within 200 Angstroms from the Si-Si0p interface. The reoxi- 
dation process is strongly temperature dependent, which indicates 
that the non-growth time is also a function of the temperature. 
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Pike*- ^ has already demonstrated this point; he reported a non- 
growth time of 200 minutes at 925°C and 1000 minutes at 850 C. 
4.3 Final Oxide Charge 
T8l Pike   has reported that the oxide charge density will reduce 
to its normal low values after the period of the non-growth time. 
As shown in Fig. 7, this result is not obtained for oxides reduced 
at higher oxygen partial pressures. Fig. 10 is a plot of final 
charge as a function of oxygen partial pressure. The difference 
in final oxide charge is surprising. Many workers^- ' ' ^ have 
agreed that regardless of the previous history of a sample the 
final heat treatment will determine the value of the fixed charge 
density, provided only that sufficient time is allowed for the 
sample to reach steady state. The results of the present experi- 
ments, as seen in Fig. 10, do however indicate that the samples 
have a memory of their previous history: the lower the partial 
pressure, the lower the final charge. 
Fig. 11 shows a plot of oxide thickness as a function of 
time. After the non-growth period, these samples are observed to 
grow at a normal rate, as previously reported by Pike. 
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4.4 Fast Surface States 
Fig. 12 shows the hinh frequency (1MHz) c-v curves for dif- 
ferent samples. Most samples that have gone through a long re- 
oxidation time are found to be distorted near the inversion renion. 
The c-v curves are displaced from their theoretical character- 
istics by an amount which itself varies with the surface potential, 
which clearly indicates the existance of fast surface states. If 
there are states within the forbidden energy nap of the silicon 
concentrated at the Si-SiCL interface, the probability of the oc- 
cupation of these states will change as a result of the variation 
in band bending. These states are referred to as fast surface 
states. The presence of the fast surface states has not much ef- 
fect on our results, because the observed fast surface states oc- 
cur near the valence band edge and thus have no influence on flat 
band voltage. ^ 
Fig. 13 is a collection of data which have been reported by 
different workers (Pike and Hess). It can be seen from Fig. 13, 
that our results are in good agreement with those of Pike and 
Hess. 
27 
before 
reoxidation 
after 
reoxidation 
A, 
--5* pf 
t -> 12'. 5 25 
Fig. 12  Distortion of C.V. curves 
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5. Discussion 
In this investigation we have concentrated our interest on the 
reoxidation process of reduced oxides. As we have pointed out in 
the previous chapter, the results of the peak charge and final 
charge are really unexpected. The data of the non-growth time 
also gives us additional information of the reoxidation process. 
We are going to conclude this investigation by presenting 
three models to explain the three different phases of the reoxi- 
dation process. 
5.1 Model for Peak Oxide Charge 
Fig. 14A shows'a plot of oxide charge density vs. reoxida- 
tion time. We have defined*the Peak time (tp) as the time re- 
quired to reach the peak oxide charge, and AQp is the difference 
between peak oxide charge and the oxide charge before reoxidation. 
AQp and tp for four different partial pressures are given in 
Table I. 
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Fig. 1^-A Charge density as a function of time . 
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Fig. lAB Si02-Si charge distribution before 
reoxidation . 
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Fig. mc  Si02-Si charge distribution after 
reoxidation . 
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Po2 (atm.) tp (min.) AQp  (cm-2)      j 
i 
8 x 10"13 
3 x 10"15 
1  x 10"12 
1 x 10"8 
4 
3 
2 
1 
i 
8 x 1011 
8 x 1011 
1  x 1012 
8.3x 1011 
TABLE I - Peak Time and AQp . 
n -2 AQp remains almost constant (8 x 10  cm ), except that 
-12 there is a small difference at the partial pressure 1 x 10 
12  -2 
atm. (AQp = 1 x 10  cm ), which could be an experimental 
error. The constant AQp leads us to the conclusion that AQp 
is not dependent on the charged oxygen vacancies present in 
the SiOp. To support this hypothesis, we have calculated 
the amount of oxygen which diffused into the Si02 durinn the 
time "tp" (Table II), using published values for the diffus- 
ion constant and the solid solubility of oxygen in SiOp 
(see Appendix C for sample calculation). 
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Amount of 
Po2 (atm.) tp (min.) 02 (cm"2) 
8 x 10"17 4 5.5 x 1013 
3 x 10~15 3 4.79 x 1013 
1 x 10~12 2 3.9 x 1013 
1 x 10~8 1 2.75 x TO13 
TABLE Il-Oxynen Diffusion in SiCL. 
The data from Table II does indeed support our hypothesis, 
as is indicated from the calculations, that the amount of 
oxygen present in the Si02 is about 100 times larger than AQp. 
Based on this assumption and the experimental data, a model is pro- 
posed to describe the reoxidation process up to the time "tp" 
This model is summerized in Figs.l4B, 14C and 14D.  Vie have 
already pointed out in the previous chapter that all the fixed 
charge is located within the first 200 Angstroms from the Si-Si02 
interface (Fig.l4B), so it is reasonable to assume that the fixed 
charge has no appreciable effect on the remaining thickness of 
the SiOp. 
During the reoxidation, oxygen atoms diffuse into the Si02, 
just as in an ordinary oxidation process. The incoming oxygen 
atoms become ionized and form a localized neaative charae dis- 
tributed evenly in the entire 1100 Angstroms Si0? (Fig. 14C). 
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After loosing one of the electrons to the incomino oxynen atoms, 
the charged.oxygen vacancies become doubly ionized. The sudden 
increase in charge near the interface during the peak time is a 
result of the doubly ionized charged oxygen vacancies. 
The above model has failed to explain the difference in peak 
time (tp). If we assume a constant diffusion coefficient and 
based on our previous argument, all the peak charne should appear 
at the same time. The difference in peak time leads us to believe 
that the actual diffusion coefficient is altered by the reduction 
process. Of course, this is only a theory; further experimental 
work has to be done to prove this hypothesis. One proposal is to 
measure the diffusion coefficient of different reduced samples. 
5.2 Model for Non-Growth Time 
Reduced oxides have shown a large non-grov/th time, whose 
cause is obscure. 
Fig. 15A is a plot of charge density vs. reoxidation time. 
AQ2 is the difference between peak oxide charge and final charge. 
A02 and TN (non-growth time) are tabulated in Table III. 
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Pop  (atm.) TN (nin.) £Q2  (cm"2) 
8 x 10~17 200 2.85 x 1012 
-15 3 x 10   '° 100 J^ 12 2        x 10'^ 
IxlO"12 /f^ 1:44 x 1012 
1  x 10"8 15 9.9    x 1011 
TABLE III - flongrowth Time and A02 . 
As shown from Table II, III and Fia. 15A, the non-growth 
time (TN) is much larqer than the peak time (tp). We will simpli- 
fy the problem by neglecting the peak time (Fig. 15B). 
We have demonstrated in the previous section (5.1) that all 
the oxygen vacancies in the first 1100 Angstroms are filled during 
the peak time (tp). Therefore the first 1100 Angstroms has no 
sufficient contribution to the rest of the reoxidation process. 
Hess has demonstrated in his work that there are a large number 
of charged oxygen vacancies in the 200 Angstroms SiO? film, the 
number of charged oxygen vacancies being proportional to the oxygen 
partial pressure during reduction. During the reoxidation process, 
the charged oxygen vacancies are filled by oxyoen atoms via dif- 
fusion. Diffusion is a continuous process, that means all the 
oxygen vacancies in the Si02 have to be filled before the oxygen 
atoms can reach the silicon to form new SiO^. 
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The long non-growth tine leads us to believe that most of the 
charqed oxygen vacancies are in substitutional sites. Hess and 
Pike have demonstrated that it only takes a fraction of the non- 
growth time to fill up the entire 1000 Angstroms SiO^ film with ox- 
ygen via interstitutional diffusion. Substitstional diffusion is a 
very slow process compared with interstitutional diffusion, the 
existance of an electric field in the interface also contributed to 
the long non-growth time by pushing ionized oxygen atoms away from 
the interface. Therefore the effective diffusion coefficient is 
still much smaller than the interstitutional diffusion coefficient 
(we have lumped the electric field effect and the substitutional 
diffusion coefficient into one constant). The effective coef- 
ficient is calculated from the experiment data and is listed in 
Table IV. 
Effective Diffusion 
Po2 (atm.) TN (min.) Coefficient (cm /sec.) 
8 x 10'17 200 5.3    x 10~12 
3 x 10"15 100 5.2    x 10~12 
1 x 10"12 40 5.13 x 10'12 
1 x 10'8 50 8.8    x 10'12 
TABLE IV - Effective Diffusion Coefficient, 
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The results from Table IV do support our theory that the 
-12 -2 
effective diffusion coefficient is about 5.2 x 10  cm /sec, which 
is in close agreement with some of the published data for substi- 
tutional diffusion coefficients of oxygen in SiOp. In order to 
achieve a oxyqen partial pressure of 1 x 10" atm., we need a 
ratio of CO/102 about 1000 to 1, which is limited by the accuracy 
of our equipment. Therefore the accuracy of these data is some- 
what poor. 
The above is a rather qualitative model and more work has to 
be done to verify the effective diffusion coefficient. Never- 
theless, this model does give us a good understanding and a 
reasonable explanation for the non-growth time. 
5.3 Final Charge 
After the non-growth time (TN), the oxides assume their 
normal growing condition. The final charge density is found to 
be a function of the initial oxygen partial pressure during re- 
duction (Fig. 10). 
At this moment, we are unable to explain the cause of the 
difference in final charge. We believe the final charge is 
caused by the excess ionized oxyqen atoms in the SiOp, but v/e are 
unable to explain the existance of such ionized oxyaen atoms 
after the samples have gone through such a lona reoxidation time. 
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Appendix A 
Cleaning of Si Wafers 
The samples were degreased by boiling in trichloroethylene, 
acetone and methanol for about 5 minutes each. After rinsino in 
deionized water, the samples v/ere further decreased by boilinq in 
lUSO, containing approximately 20% of H^Op. ^ext the sarT1P^es were 
rinsed in deionized water, etched until hydrophobic in HF and anain 
rinsed in deionized water. The samples v/ere then preoxidized at 
o 
1130 C xin wet oxygen for about 60 minutes. This oxide was then 
etched until hydrophobic in HF to remove surface contamination 
and the samples were rinsed in deionized v/ater. 
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Appendix B 
TEMP Po2 (atm.) C02  (cc/min) CO (cc/min) 
910°C 1 x 10"18 54 746 
4 x lO"17 251 549 
3 x 10"15 639 161 
2.5 x 10"14 736 64 
1.6 x lO"13 773 27 
1 x 10'12 789 11 
1 x TO"8 799.89 0.11 
TABLE V 
-Oxygen partial  pressure as a function of the flow rates 
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Appendix G 
Amount of oxygen atoms diffused into Si02 . 
Q = 2No(Dxt/3.1^)1/2 
NO = surface concentration 
= lxlOl6/cm2 
D = diffusion coefficient 
= lxlO"7 cm2/sec. 
t = time 
= 4 min. 
Q = 5.5xl013/cm2 
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